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Introduction
Laminated composite materials are increasingly used in structural elements for automotive bodies because they are lightweight materials.
By Roos E. and Maile K. (2005) the composite materials can be of three types: fiber reinforced composite materials, composite materials reinforced with particles and laminated composite materials [1] . The main advantages of these materials are economic and qualitative. The use of these materials leads to significant economies of expensive materials, improving at the same time, the product quality and increasing the duration of operation under conditions of high performance. Laminated composite material can be obtained by covering the main material with a different proprieties material, by laminating, casting or welding. Also there are threecomponent composites ("sandwich"). A "sandwich"-like material is made up of two thin sheets of metal (e.g. aluminum, titanium or steel), between which there is a honeycomb structure (panel) of tougher material, resulting in a high-strength and high-stiffness composite material.
Among the laminated composites, the most used are aluminum-plastic-aluminum, polymer-steel plastic and steelpolymer-steel, since they are lighter and have a longer service life than conventional materials.
There are not so many investigations made upon the forming of laminated composite materials. For example, Pearce R. (1991) made researches on the formability of the laminated composite materials with 0.2 mm metallic face separated by a 0.8 mm polymer core [2] . However, this material type cannot be welded; it is used in the automotive industry for secondary components. Gustafsson (2000) proposed a new composite material with stainless steel core for automotive industry [3] . Another innovation for laminated composite materials was presented by Markaki and Clyne in 2003. They proposed stainless steel fibers arranged in a network with solid joints between contacting fibers in order to increase the shear stiffness and strength of the core material. Dirk Mohr from Massachusetts Institute of Technology, USA, published in 2004 his research results about forming of the fiber reinforced laminated composite (0.8mm core and 0.2mm faces) and honeycomb core too (1.6mm core and 0.2mm faces), using bending tests and finite elements simulations [4] . By Bernd Engel and Johannes Buhl (2012) the forming capacity of the laminated composite material and mechanical proprieties are determined by experimental tests: uniaxial tensile test, bending test and shear tests [5] .
There can be noticed a continuing interest in using laminated materials for the production of lightweight parts, the resulting parts having the same functionality and even an increased stiffness and length of operation compared to conventional materials. The study of the forming behavior of the laminated materials requires the unfolding of tests to determine the tensile mechanical properties and the intrinsic properties, determining the forming limit curves by means of the Nakajima test and the analysis of the behavior at stamping, bending and unconventional incremental forming.
Materials
The aims of theoretical and experimental research were chosen in order to study the behavior of laminated composite material during single point incremental forming process with hemispherical punch. Thus a laminated material, aluminum -polypropylene -aluminum (Al-PP-Al), as sheet 1.2 mm thickness was used. The composite material is composed of two layers of aluminum (AA5182) of 0.2 mm thickness between which lies a layer of polypropylene (PP). This material is used in aircraft and vehicle construction industry due to the combination of considerable flexural stiffness and extreme lightness [6] . Al-PP-Al laminated material properties are shown in the Table 1 . In order to determine the strain hardening curve and the parameter of the material the uniaxial tensile tests using an Instron machine type 5587 and optical system for deformation measurements ARAMIS was used ( Fig. 1.a) . a) b) Fig. 1 . The experimental layout used for a) tensile test; b). determination of the forming limit curve
The tests performed have targeted the determination of the mechanical characteristics and the properties of the proposed laminated composite material. In order to evaluate the tensile behavior of
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Innovative Manufacturing Engineering 2015 these materials, the hardening curve was determined (Fig. 2) . Also, the plane anisotropy coefficients were determined, according to SR ISO 10113:1996 standard, 
Determination of the Forming Limit Curves
For determination of the forming limit curve the Nakajima test was performed. The forming of the material with a hemispherical punch and a circular die was made. This method is a realistic simulation of the drawing process, the friction between punch and piece and curvature effect punch are taken into consideration.
Hasek samples proposed in 1978 were used. The samples are circular with 200 mm diameter and the symmetrical lateral recesses respecting the rolling direction ( Fig. 3 ) of different radii according to Table 3 . The uniaxial deformation between uniaxial tensile and echibiaxial stretch are obtained. So it can cover the entire range of variation found in the states of deformation of sheet metal forming processes. For determination of the forming limit curve a drawing device, an acquisition and data processing system and an optical system for deformation measurements ARAMIS were used ( Fig. 1.b) .
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The forming limit curves for two laminated composite material thicknesses are presented in Fig. 5 .
Fig. 5. Forming limit curves
The results of the researches were compared to the Anas Obied Balod (2010) and K.J. Kim (2003) results. They determined theoretically and experimentally the forming limit curves for laminated composite material aluminium-polipropilen-luminium with 1.2 mm and 1.4 mm tchickness. The results were found similar with these studies.
Single Point Incremental Forming
In order to determinate the formability of the laminated composite material the single point incremental forming was performed.
For experimental researches a three axis milling CNC HASS MiniMill with forming die was used [9] . A hemispherical 10 mm diameter punch was used. The 120 mm square specimens was used. The punch feed rate is 150 mm/min while the speed is 150 rot/ min.
The formed parts were measured using the off-line optical measurement system ARGUS. By imposing the punch trajectory it will form the blank sheet obtaining various shapes of the parts. In this study, tapered parts shaped as truncated cones with base diameter of 45 mm and 14 mm and the angle of the generatrix of 35 degrees were processd. The required trajectory of the punch has been achieved using two strategies presented in Fig. 6 : a. Circular: the punch was moving on circular trajectories circles (obtained by intersecting the truncated cone with planes parallel to XOY, at a distance increment of 1mm), having different radii; b. Spiral: the punch was moving on a helicoidally spatial trajectory, with a variable radius and 1mm pitch, wrapped on the truncated cone. circular spiral Single point incremental forming process aimed to assess, for 1.4 mm laminated composite, the distribution of values and major and minor strains ( Fig. 7, 8) , the thickness of the specimen (Fig. 9 ) for the two strategies for obtaining the truncated cone shaped pieces.
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Innovative For the major strain, there is a homogenous distribution throughout the circumference of the pieces for spiral trajectory, and for the circular path shows a major strain at the start point of the every circle, in each plane. The maximum values of major principal strains are: 0.1756 for circular trajectory respectively 0.1776 for spiral trajectory. The minor strain distribution is similar to the major strain distribution. In the case of the circular path it was obtained a minimum at -0.0707 to -0.0738 respectively for spiral path. a) circular b) spiral Fig. 9 . Thickness of the specimen In circular trajectory minimum thickness reduction is 18.5% in the descent point of the last circular punch trajectory. In this case the workpiece thickness reduction is not uniform distributed throughout its circumference like in spiral trajectory.
Conclusion
The results of the researches carried out in order to determine the mechanical characteristics and parameters related to the intrinsic properties of lightweight sandwich materials have shown that they have a good formability. Thus they can be successfully used for manufacturing automotive parts, leading to the reduction of their mass and thus to reduced fuel consumptions.
Further researches will target the validation of numerical simulation using the finite element method corresponding to classical drawing and single point incremental forming and a comparative study will be made.
